In recent years attention has been drawn to several shortcomings of the Concentration Index, a frequently used indicator of the socioeconomic inequality of health. Some modi…cations have been suggested, but these are only partial remedies. This paper proposes a corrected version of the Concentration Index which is superior to the original Concentration Index and its variants, in the sense that it is the only rank-dependent indicator which satis…es four key requirements (transfer, level independence, cardinal consistency, and mirror). The paper also shows how the corrected Concentration Index can be decomposed and generalized.
Introduction
The Concentration Index enjoys an increasing popularity as an indicator of the inequality of health in relation to the socioeconomic position of individuals. Among the factors which have contributed to its success as a measure of the socioeconomic inequality of health we can mention its a¢ nity with the Gini coe¢ cient, its visual representation by means of the Concentration Curve, and the ease with which it can be decomposed. But there is also a growing awareness that it is far from being a perfect measure. In recent years attention has been drawn to the fact that the bounds of the Concentration Index may depend upon the mean of the health variable and hence make a comparison of populations with di¤erent mean health levels problematic (Wagsta¤, 2005) , that di¤erent rankings are obtained if inequalities in ill health rather than inequalities in health are considered (Clarke e.a., 2002) , and that the value of the index is to a large extent arbitrary if the health variable is of a qualitative nature (Erreygers, 2006 and Zheng, 2006) .
Various suggestions have been made to remedy some of these defects. What is lacking, though, is an attempt to come to grips with all of these problems. In this paper, I propose a corrected version of the Concentration Index which goes a long way in that direction. After a discussion of the three issues, I analyze the modi…cations which have been proposed in the literature. In the core of the paper I follow an axiomatic approach which allows me to derive a new correction formula. I show that the resulting indicator is the only one of its type which satis…es four key requirements, and indicate how the approach can be generalized. I end with a brief empirical illustration.
The Health Concentration Index
Let us consider a given population of n individuals represented by the set N = f1; 2; :::; ng. To each individual we assign a rank i based upon this person's socioeconomic position, with the best well-o¤ individual ranked …rst and the least well-o¤ ranked last. In the case of ties, we assign to each member of the tied group the average rank of the group. The variable in whose distribution we are interested is health. Suppose that we have information about the health situation of the population, e.g. about every person's general health condition, or about one particular aspect of it. This information is translated into the health variable h i , a real number which measures the health status of individual i. The vector h = (h 1 ; h 2 ; :::; h n ) represents the health situation of the whole population.
A higher value of h i indicates a better health situation of individual i.
In addition, I assume that the health status variable of each individual lies between certain bounds. Let a h and b h designate respectively the lower and the upper bound of the health variable. I assume that both the lower limit a h and the upper limit b h are …nite, that a h < b h , and, at least for a start, that the lower limit is nonnegative. So for each person i we have 0 a h h i b h < +1. The average health of the population will be denoted as h :
The health Concentration Index C(h), introduced by Kakwani (1980: 173-178) and Wagsta¤, Paci and Van Doorslaer (1991), is de…ned as follows:
It is a measure of the socioeconomic inequality of health based upon information on the socioeconomic ranks and the health levels of all individuals in the population. A positive value of C(h) indicates that health is distributed in favour of the rich, and a negative one that it is distributed in favour of the poor. The higher the absolute value of the index, the more extreme the pro-rich or pro-poor character of the distribution is supposed to be.
The Bounds of the Concentration Index
Let us begin by examining the bounds issue. It is well-known that the value of C(h) can never be lower than 1 and higher than +1 .The exact bounds are (n 1)=n and +(n 1)=n, which would be obtained if either the least well-o¤ or the best well-o¤ monopolized health. Recently, however, Wagsta¤ (2005) has observed that if the health variable is binary, i.e. such that each h i takes either the value of 0 or the value of 1, then the bounds of the Concentration Index depend upon the mean of the health variable. The bounds turn out to be much wider for populations with a low mean (i.e. close to 0) than for populations with a high mean (i.e. close to 1).
At …rst sight the result seems to be surprising, and one might suspect that it is caused by the binary nature of the health variable. But varying bounds are by no means limited to the case of a binary variable. In fact, it can be shown that any health variable with a …nite upper value or a positive lower value gives rise to varying bounds of the Concentration Index. From what I will call further in the paper the "transfer"property, it follows that the most extreme pro-rich distribution of health which is compatible with a given mean health, consists of a "bipolar"distribution in which the richest persons have maximum health and the rest minimum health. For a population with average health h , let us de…ne an auxiliary variable h :
This variable indicates where the mean lies between the two extremes of a h and b h . (For instance, a value of h = 1 2
indicates that h lies exactly halfway between a h and b h .) The most extreme pro-rich distribution which is compatible with mean health h , consists of the h n richest persons having maximum health and the (1 h )n poorest persons having minimum health. Likewise, the most extreme pro-poor distribution of health which is compatible with this mean, consists of the h n poorest persons having maximum health and the (1 h )n richest persons having minimum health. 1 We have the following: Proposition 1 If the health variable varies between a h and b h , with 0 a h < b h < +1, then the health Concentration Index C(h) of a population with average health h is such that:
Proof. The upper bound of C(h) is reached when the h n richest persons have the maximum health level b h and the (1 h )n poorest persons the minimum health level a h . It can then be written as:
, and making use of (3), we can simplify (5) as:
1 In both cases I assume for simplicity that h n is a whole number.
After a rearrangement of terms this can be reduced to:
The lower bound can be determined by an analogous procedure.
As an aside, I mention that this result can be extended to the Gini coef…cient. 2 In the present case we have to distinguish two cases. First I assume that the lower bound of the health variable a h is zero, and second that it is positive.
When a h = 0, the bounds of the health Concentration Index can be rewritten as:
For samples with a low average, i.e. such that h ! a h = 0, the bounds of the health Concentration Index tend to 1 and +1. It is easy to check that if the best well-o¤ person has a positive health level h 1 while all the others have the minimum health level a h = 0, then we have h = h 1 =n and C(h) = (n 1)=n. If the average increases, however, the bounds between which the health Concentration varies become narrower and narrower. In fact they decrease linearly, and if h ! b h both the upper and lower bounds tend to zero. This is the phenomenon described by Wagsta¤ (2005) , in the case of a binary variable with a h = 0 and b h = 1. When a h > 0, things look a bit di¤erent. For samples with a low average, i.e. such that h ! a h , the proposition shows that the bounds of the health Concentration Index tend to zero. If the average increases, the bounds widen and reach a maximum when h = p a h b h . At that point the bounds are
. If the average further increases, the 2 Let the Gini coe¢ cient of health inequality, G(h), be de…ned as:
where i stands for the rank of individual i in the distribution of health. The most unequal distribution of health which is compatible with mean health h consists of h n persons having maximum health and (1 h )n persons having minimum health. It follows that the bounds of the Gini coe¢ cient are:
This result has already been established by Gastwirth (1972: 308, Lemma 4).
bounds become narrower and if h ! b h they tend to zero again. 3 Knowing that the bounds of the health Concentration Index in general depend upon the mean of the variable under examination, we should ask ourselves whether the unmodi…ed Concentration Index provides a good measure of the degree of inequality if populations with di¤erent means are compared. Perhaps we should in ‡ate the Concentration Index when the bounds are narrow, or de ‡ate it when the bounds are wide. Whether or not a modi…cation is required, depends upon whether or not the unmodi…ed health Concentration Index is "distorted". One cause of distortion concerns the way we look at health: we can indeed decide to concentrate either on attainments or on shortfalls. In the next section I deal with this issue.
Health and Ill Health
In empirical work one often looks at the distribution of a negative characteristic of health, such as sickness or malnutrition, rather than at positive aspects. To each health variable with a …nite upper bound we can easily associate an ill health variable by calculating the shortfall with regard to the maximum. So, starting from the health variable h i let us de…ne the ill health variable s i by the following transformation:
For the population as a whole we have s = (s 1 ; s 2 ; :::; s n ). The ill health variable takes nonnegative values only, just like the original health variable. It has well-de…ned lower and upper limits: a s = 0 and b s = (b h a h ). Observe moreover that the averages of the two variables are related to one another by the formula s = b h h . We can de…ne the ill health Concentration Index C(s) by analogy with the health Concentration Index C(h):
Since the ill health variable is derived from the health variable, the two Concentration Indices must clearly be related to each other. It can be checked easily that:
Hence, as could be expected, the two Concentration Indices always have opposite signs; a positive health Concentration Index C(h), indicating a prorich distribution of health, translates into a negative ill health Concentration Index C(s), indicating a pro-poor distribution of ill health. Given that a s = 0 we can also infer the bounds of the ill health Concentration Index:
or equivalently:
Since health and ill health are mirrors of one another (e.g. either you are immunized against a certain disease or you are not), it seems reasonable to expect that the two Concentration Indices give mirror images of the degree of inequality. Suppose that we compare two distributions, h and h 0 (e.g. two countries at one moment of time, or one country at di¤erent moments of time). As long as the comparison is made between distributions with the same mean, the two indices yield the expected result: the indices move in the opposite direction (if C(h) > C(h 0 ), then C(s) < C(s 0 )), but in relative terms the change measured by the two indices is exactly the same (C(h)=C(h 0 ) = C(s)=C(s 0 )). If, however, the distributions have di¤erent means, the comparison becomes blurred. The indices need not move into opposite directions, and certainly their ratios will be di¤erent. 4 As shown by Clarke e.a. (2002) , when comparing inequality between countries this can lead to di¤erent rankings according to whether you look at health or ill health.
So perhaps we should transform or normalize the indices, so as to eliminate the disturbing e¤ect of the mean upon the comparison. The above discussion suggests at least one condition to be imposed upon the normalization procedure: after normalization, we want the health and ill health Concentration Indices to provide mirror images of one another. This is what what I will call the "mirror"condition.
Cardinality
Another issue concerns the nature of the health variable. Depending upon the quality of the information on individuals' health, the health variable can be ordinal, cardinal or of the ratio-scale variety. When the information is good enough only to rank individuals according to their health status, health is an ordinal variable. If we can also compare the di¤erences between health states, the variable is cardinal. And if on top of that the situation of zero health is …xed unambiguously, we have a ratio-scale variable. In the case of a purely ordinal health variable, the indicator used should be such that it yields the same result if the variable is subjected to a positive monotone transformation. When health is measured cardinally, the indicator should remain constant when the variable is subjected to a positive linear transformation. And for a ratio-scale variable, the indicator must be invariant under any positive proportional transformation of the variable.
The value of the health Concentration Index remains unchanged only under a positive proportional transformation (see, for instance, Erreygers, 2006) . Hence it requires that health is measured on a ratio-scale, like length and income. This can certainly be done for some aspects of health, but often it is simply impossible. Self-assessed health, for example, is typically expressed in qualititative categories such as "Very good", "Fair"and "Poor", which are hard to translate into a ratio-scale. It would already be a great step forward if we could adjust the Concentration Index so as to make it invariant to any positive linear transformation of the health variable. In that case it can be used in situations where health is measured on a cardinal scale, like temperature.
From now on I assume that the health variable is cardinal. I would like to know whether it is possible to modify the Concentration Index so that its value does not change when the health variable is subjected to a positive linear tranformation. In formal terms, we have to look at the e¤ect of transforming the health vector h into e h, where e h i + h i , and are constants, and > 0. This transformation evidently a¤ects the value of the mean, since e h = + h , but it also a¤ects the lower and upper limits of the health variable, which after the transformation are equal to a e h = + a h and b e h = + b h . For the unmodi…ed Concentration Index we have:
which clari…es that its value changes whenever 6 = 0.
The Wagsta¤ Normalization
Wagsta¤ (2005) has suggested a normalization formula aimed at remedying the bounds issue. For a binary health variable with a h = 0 and b h = 1, he proposes to divide the health Concentration Index by its (upper) bound, which leads to a normalized health Concentration Index equal to C(h)=(1 h ). Generalizing this procedure to all possible cases with lower bound a h and …nite upper bound b h , we can de…ne the Wagsta¤-normalized health Concentration Index W (h) as follows:
The minimum and maximum values of this index are always equal to 1 and +1, and so one might say that the Wagsta¤ procedure tackles the bounds issue by strechting the index in such a way that it always has a uniform range. I will examine in a moment whether this constitutes an appropriate answer, but …rst I would like to show that as a kind of positive externality the procedure also addresses the ill health and cardinality issues. First, let us apply the Wagsta¤ procedure to the associated ill health variable with lower bound a s = 0 and upper bound b s = b h a h . The Wagsta¤-normalized ill health Concentration Index W (s) is equal to:
Comparing the de…nitions of the normalized indices and taking into account the relation between C(h) and C(s), we see that the Wagsta¤ normalization procedure satis…es the mirror condition, since:
Second, it is easy to show that the Wagsta¤ index is invariant to a positive linear transformation of the health variable. Using the notation of the previous section, we have:
, and making use of (14), we easily derive that W ( e h) = W (h). This means that for the Wagsta¤ index the health variable need not be a ratio-scale variable.
It seems, therefore, that the Wagsta¤ procedure solves three problems at one go. I have to point out, however, that by forcing the bounds of the index always to the same values, Wagsta¤'s normalization formula in some cases produces arti…cial or counterintuitive results. There may be changes in the distribution of health to which the Wagsta¤ index remains insensitive, or to which it reacts in a counterintuitive way. Consider the following bipolar distribution of health over a population of 100 persons: the 10 richest persons have maximum health and all the rest have minimal health. Suppose now that there is a change in health leading to a distribution in which the 20 richest persons have maximal health and the 80 poorest persons have minimal health. Clearly the situation has become more pro-rich: 10 rich persons are now in better health, while everything else remains the same. One would expect such a move in favour of the rich to be translated into an increase of the inequality indicator. But the Wagsta¤ index does not have this property: for both situations it is exactly equal to its maximum value of +1. Moreover, if the change in health were such that the 10 rich persons whose health improves all attain health levels below the maximum, then the Wagsta¤ index would decrease. In this case, an obvious pro-rich move is translated into a pro-poor change of the index.
The Generalized Concentration Index
The Wagsta¤ procedure apparently somehow exaggerates the correction it applies to the index and to its bounds. An alternative normalization procedure, introduced in order to deal with the health / ill health issue, has been used by Clarke e.a. (2002), although it has been formulated originally by Wagsta¤, Paci and Van Doorslaer (1991) . This is the so-called Generalized health Concentration Index V (h), which is obtained by multiplying the health Concentration Index by the average health level:
Applying the same reasoning to the ill health variable, we obtain likewise:
Since C(s) = ( h = s )C(h), it is immediately obvious that V (h) = V (s), and so the mirror condition is sati…ed. It is also possible to show that this index always translates a pro-rich change of the health distribution into an increase, and a pro-poor change into a decrease. Hence, this index succeeds where the previous one failed.
It seems, however, that a price has to be paid for this. As a matter of fact, a positive linear transformation of the health variable can change the value of the Generalized Concentration Index. As observed by Clarke e.a. (2002: 1925) , adding a constant to the value of the health variable does not matter, but multiplying it by a positive scalar di¤erent from 1 does, because:
V
In other words, the Generalized Concentration Index V (h) is sensitive to the scale or unit of the health variable. An equivalent way of saying is that V (h) is an absolute measure of inequality, not a relative one.
An Axiomatic Approach
So far we have encountered three closely related measures of socioeconomic inequality: the Concentration Index C(h), the Wagsta¤ index W (h), and the Generalized Concentration Index V (h). These can all be seen as members of a family of rank-dependent socioeconomic indicators. The general form of the indicators of this family is the following:
where:
The general form consists of two parts. The part which is common to all indices,
z i h i , expresses the rank-dependence character. 5 It is a weighted sum of all individual health levels. The health h i of individual i is weighted by a factor determined by the socioeconomic rank i of this individual. The sign of the weight separates the "rich" from the "poor": the …rst half of the population, composed of those with ranks smaller than (n + 1)=2, have positive weights and constitute the group of the rich; the second half of the population, composed of those with ranks higher than (n + 1)=2, have 5 It turns out that there are at least three equivalent ways to express this sum. Observe
negative weights and constitute the group of the poor. The absolute value of the weight increases linearly with the distance of the rank from the middle. This means, for example, that the richest and the poorest individual have exactly the same weight, albeit of the opposite sign. The second part is a function f (H) which determines the speci…c form of the indicator. I assume that the arguments of this function are health-related variables, captured by the vector H. More speci…cally I take H = (a h ; b h ; h ).
(By analogy, in the case of ill health we work with a function f (S) with arguments S = (a s ; b s ; s ).) Apart from requiring that f (H) > 0, I put no other constraints upon this function. For the three indicators I have discussed above, the speci…c form of the function can be deduced from the following expressions:
The following proposition speci…es some properties which are valid for the family of rank-dependent socioeconomic indicators as a whole.
Proposition 2 All rank-dependent socioeconomic indicators of health have the same sign. For a distribution in which all persons have the same level of health, they are all equal to zero.
Proof. Given that f (H) > 0, the sign of I(h) is always equal to the sign of
z i h i = 0, and so in this case the value of any rank-dependent socioeconomic indicator is equal to zero.
Two remarks are in order here. First, the value of the indices can be zero even if health is not distributed equally. In other words, we can have
z i h i = 0 in cases where health is distributed unequally. Second, although any two rank-dependent indices always have the same sign and are therefore always unanimous in their verdict on whether a distribution is pro-rich or pro-poor, this does not mean that they rank health distributions in the same order of socioeconomic inequality. According to one index distribution h may be more pro-rich than distribution h 0 , but according to another the reverse might be true.
If we want to say more, we must go beyond the mere speci…cation that f (H) > 0. It seems reasonable to let the choice for a speci…c form of f (H) be guided by the properties which one wants the indicator to possess. Before I introduce these properties, let me draw attention to a subtle point of distinction. The statement "I(h) increases in value" is not identical to the statement "the socioeconomic inequality of health increases". Whether a positive change in the index corresponds to an increase in inequality depends upon the starting value of the index. If one starts from a pro-rich distribution of health (I(h) > 0), a positive change increases the inequality, but if one starts from a pro-poor distribution (I(h) < 0), such a change decreases the inequality. Put di¤erently, I speak of an increase in inequality when the index increases in absolute value (without changing sign), and of a decrease in inequality when the index decreases in absolute value (without changing sign).
The conditions which I impose upon the indicator are suggested by the three issues which I have discussed above. The …rst two relate to the bounds issue, and deal with the e¤ects of changing the health position of two persons and of changing the health position of all individuals. The third condition concerns the cardinality issue and deals with the e¤ects of changing the unit of measurement of health, and the fourth is about the e¤ect of measuring ill health instead of health.
The …rst property refers to the case where a change in the health situation of one person is exactly o¤set by a change in the health situation of another person:
Transfer: Suppose the health of person j increases by a certain amount and the health of person k decreases by the same amount. If person j is richer than person k, the value of I(h) increases; if person j is poorer than person k, the value of I(h) decreases.
The transfer property states that a mean-preserving change of the distribution which favours the better-o¤ is translated into a pro-rich change of the index, and one in favour of the worse-o¤ into a pro-poor change. It is of course inspired by the well-known Pigou-Dalton principle of transfers with regard to the measurement of income inequality. Variants of this principle have been used in connection with the health Concentration Index, especially in the context of the social welfare interpretation of the index (e.g. Bleichrodt and Van Doorslaer, 2006).
The second property relates to the case where the health situation of all individuals is changed in the same way:
Level independence: If the health levels of all persons change by the same absolute amount, the value of I(h) remains constant.
This condition is similar, but not identical, to the translation invariance assumption used in the literature on poverty measurement (e.g. Zheng, 1994 Zheng, : 1453 . In the present framework, translation invariance would mean that the index remains constant if all health levels increase by the same amount and if both the lower and the upper limit of the health variable shift by the same amount. When dealing with level independence, however, we do not change the lower and upper limits of the health variable. The motivation for this condition comes from the observation that if we start from a distribution in which all persons have the same level of health (which implies that the index is zero), and then increase all health levels by the same amount, then the index remains unchanged. The level independence condition extends this property to a broader set of distributions.
The third property deals with changes of the unit of measurement of health:
Cardinal consistency: A positive linear transformation of the health variable does not a¤ect the value of I(h).
In other words, I impose both scale and translation invariance. The …nal property concerns the health / ill health issue:
Mirror: The health index I(h) and the associated ill health index I(s) are equal in absolute value, but have opposite signs. This follows directly from our discussion of the measurement of the inequality of ill health.
To check whether a given member of our family of rank-dependent measures sati…es any of these properties, it will be helpful to derive what conditions they impose upon the function f (H). 
For person k we have likewise:
Changing the health of person j by the amount h j and that of person k by the amount h k , has the following e¤ect upon the health index:
Let h j = h k = > 0. Rearranging terms and using the derivations of @I(h) @h j and @I(h) @h k we obtain:
If j is richer than k, we have z j z k > 0; and if j is poorer than k, we have z j z k < 0. This means that the transfer property holds if and only if the sign of I(h) is always equal to the sign of z j z k . Since the sign of
can be positive, negative or zero, it follows that the transfer property holds if and only if
(ii) If all the health levels change by the same amount , the e¤ect upon the health index is:
This can be reduced to:
Since the sign of
z i h i can be positive, negative or zero, it follows that level independence holds if and only if
(iii) By de…nition we have
Since
Therefore, I(h) = I( e h) if and only if f (H) = f ( e H).
(iv) By de…nition we have
Therefore, I(h) = I(s) if and only if f (H) = f (S).
Before I examine whether any of the rank-dependent socioeconomic indicators possesses these four properties, I introduce a …fth property:
Monotonicity: If the health of a "rich"person (i.e. someone for whom z j > 0) increases, the value of I(h) increases; if the health of a "poor"person (i.e. someone for whom z j < 0) increases, the value of I(h) decreases.
It is possible to demonstrate that this property is closely related to the …rst and the second:
Proposition 4 For rank-dependent socioeconomic indicators of health, transfer and level independence together imply monotonicity, and vice versa.
Proof. A small change in the health of person j leads to the following change in the health index:
If j is rich, we have f (H)z j > 0; if j is poor, we have f (H)z j < 0. This properties hold we must have @f (H) @h j = 0 for all j, which implies that the monotonicity property holds. Inversely, if monotonicity holds, both transfer and level independence are implied. I alluded to the property of monotonicity when I pointed out that the Wagsta¤ normalization procedure exaggerates the bounds correction. The property states that a pro-rich change in the distribution must be translated into a pro-rich change of the index (i.e. I(h) > 0), and a pro-poor change in the distribution into a pro-poor change of the index (i.e. I(h) < 0). I consider the monotonicity, cardinal consistency and mirror conditions to be the formal expressions of the kind of modi…cations suggested by the discussion of the bounds, cardinality and health / ill health issues.
A New Indicator
It is not very di¢ cult to check that none of the three indicators which I have examined above satis…es all of these properties. The Concentration Index C(h) satis…es only the transfer property 6 . The Wagsta¤ index W (h) satis…es the transfer, cardinal consistency and mirror properties, but not that of level independence. The Generalized Concentration Index V (h), …nally, satis…es the transfer, mirror and level independence properties, but not that of cardinal consistency.
Is it possible to …nd a rank-dependent socioeconomic inequality index which satis…es all of these properties? Consider the following indicator:
I now demonstrate both an existence and a uniqueness result:
Proposition 5 Indicator E(h) satis…es the properties of transfer, level independence, cardinal consistency and mirror.
Proof. This index is characterized by the function
Hence the four properties are satis…ed.
Proposition 6 All rank-dependent socio-economic indicators which satisfy the properties of transfer, level independence and cardinal consistency are positive scalar multiples of indicator E(h), and such that the factor of proportionality is independent of the unit of measurement of health.
Proof. Suppose there exists another rank-dependent socioeconomic indicator K(h) which satis…es the properties of transfer and level independence. Since both E(h) and K(h) are rank-dependent indicators we can
z i h i , and so we have:
Now suppose there is a change h j in the health position of individual j, which leads to the new health distribution h 0 . The values of the indicators change to E(h 0 ) and K(h 0 ), which are such that
Since both indicators satisfy the transfer and level independence properties we have:
Therefore we obtain:
Making use of (35) the last equation can be transformed into:
which leads to:
Therefore, for the given unit of measurement of health, the values of K(h) and E(h) always stand in the same positive proportion to each other. Now suppose that we change the unit of measurement and transform h into e h, where e h i = + h i . Since both indicators satisfy the property of cardinal consistency, we have f E ( e H) = f E (H) and f K ( e H) = f K (H) , and therefore:
Hence, whatever the unit of measurement of health, the values of the two indicators always stand in the same proportion to one another. The upshot is that, up to a scalar multiple, E(h) is the only rankdependent socioeconomic indicator which satis…es the four properties. The reason why I have chosen E(h) is that its maximum bounds are equal to 1 and +1. It can be shown quite easily that:
The bounds tend to zero if h ! a h . They increase if the mean rises, and reach a maximum when h is exactly halfway between a h and b h , at which point the bounds are equal to 1 and +1 (when n is even), and to (n 2 1)=n 2 and +(n 2 1)=n 2 (when n is odd). Then they decrease, and tend to zero again if h ! b h .
A Decomposition Formula
The popularity of the Concentration Index can to some extent be explained by the easiness with which it can be decomposed into contributing factors. For instance, Wagsta¤, Van Doorslaer and Watanabe (2003) have shown that if we start from an explanation of health expressed by the following linear regression equation:
where x 1 ; x 2 ; :::; x q stand for the q explanatory variables, " represents the error term, and and 1 ; 2 ; :::; q are the coe¢ cients, then the health Concentration Index can be written as:
where j is the average of x j , C(x j ) the Concentration Index of x j , and V (") the Generalized Concentration Index of ". This formula can then be used to explain the changes in the Concentration Index. It should be noted, however, that if health is a cardinal but not a ratioscale variable, the coe¢ cients of (46) depend upon the particular unit chosen for the measurement of health, and this may a¤ect the decomposition results. Assuming that the explanatory variables are all ratio-scale variables, we can obtain an analogous decomposition formula for the corrected Concentration Index E(h). Instead of starting from (46), let us start from the regression:
Since the coe¢ cients and the error term of this regression are independent of the particular unit chosen for the health variable, I have added asterisks to them. I now show:
Proposition 7 Given the linear regression equation (48), the corrected Concentration Index E(h) can be expressed as:
where V (x j ) is the Generalized Concentration Index of x j and V (" ) that of " .
Proof. From (48) I deduce:
In the de…nition of E(h) I then replace h i by the right-hand side of (50).
z i = 0, I can simplify the resulting expression to:
Applying the de…nition of the Generalized Concentration Index to x j and " , I obtain:
A Generalization
It is not too di¢ cult to push the analysis one step further. What characterizes the rank-dependent measures is that the weights which are given to the individual health levels are determined by the socioeconomic ranks of these individuals. But instead of using the weights z i = n + 1 2 i other weights might be used. One might think of a generalization along the lines of the "extended" Concentration Index proposed by Wagsta¤ (2002), which makes it possible to incorporate varying degrees of aversion to inequality by an appropriate choice of the value of an aversion parameter. 7 Here I suggest a more general framework. I start from the following generalization of (34):
and impose the following restictions upon the weights w i :
The …rst condition ensures that the index translates a pro-rich distribution into a positive value and a pro-poor distribution into a negative one. 8 The 7 I take the opportunity to point out that in my opinion the following description of the weights used in the calculation of the health Concentration Index is slightly misleading: "Thus, the poorest person gets their health share weighted by a number close to two. The weights decline in a stepwise fashion, reaching a number close to zero for the richest person." (Wagsta¤, 2002: 630) . The weights given to both are, in fact, equal, but of the opposite sign.
second is necessary to guarantee that an equal distribution of health always leads to a zero value of the index. The third condition determines the maximum bounds of the index: it ensures that its value never falls outside the range [ 1; +1]. The following result holds:
Proposition 8 Under conditions (54) and (55) the indicator of socioeconomic inequality of health F (h) exhibits the properties of transfer, level independence, cardinal consistency and mirror.
(The proof is analogous to the proofs of propositions 3 and 5 and is omitted here.)
The conditions put upon the weights w i are relatively weak, and allow a great variety of concerns to be introduced. They make it possible, for instance, to determine the weight of each individual in function of this person's income (or of whatever variable is used to classify people in the socioeconomic sphere). In this way the index can be enriched and re…ned.
An Example
To illustrate the importance of correcting the Concentration Index, let us consider a sample of countries for which data on stunting have been collected by Van de Poel and Hosseinpoor (2006) (see Table 1 ). For each country they have estimated the number of children who su¤er from stunting (chronic malnutrition). Hence, for each child a binary ill health variable s can be de…ned which indicates whether the child must be considered as stunted (s i = 1) or not (s i = 0). The corresponding health variable h has values h i = 1 for non-stunting and h i = 0 for stunting. The average of the ill health variable (second column of Table 1 ) indicates the percentage of children su¤ering from stunting; the average of the health variable (third column) indicates the percentage of the population that do not su¤er from stunting. The fourth column gives the negative of the ill health Concentration Index (as calculated by Van de Poel and Hosseinpoor), and the …fth the health Concentration Index. Both make it clear that stunting occurs more frequently among the poor. The sixth and seventh columns give the Wagsta¤ normalized Concentration Index W (h) and the corrected Concentration Index E(h). One of the issues explored in the literature on stunting is whether there exists a relationship between the prevalence of stunting (as measured by the average s ) and the socioeconomic inequality of stunting (as measured by an inequality indicator). There are four ways in which this issue can be tested here, since we have four di¤erent inequality measures. Table 2 gives the coe¢ cients of correlation between the average degree of stunting ( s ) and our four inequality measures: The results are strikingly di¤erent. Two measures, C(s) and W (h), indicate a strong negative relationship, whereas the other two, C(h) and E(h), point to a positive correlation. The negative correlation -a low prevalence of stunting tends to be associated with a high degree of socioeconomic inequality -was already apparent in one of the …gures of Wagsta¤ and Watanabe (2000: 33), where they plotted the non normalized stunting Concentration Index C(s) against the average stunting rate s . The message which I want to convey here is that one should be extremely careful with this kind of comparisons.
Concluding Remarks
I started from a rather negative position, in the sense that I drew up a list of a number of shortcomings of the "traditional"health Concentration Index C(h). I also showed that modi…ed versions of it, such as Wagsta¤'s index W (h) and the Generalized Concentration Index V (h), manage to remedy some of these shortcomings, but not of all of them. But gradually I adopted a more constructive attitude. Using an axiomatic approach I formulated four key requirements -transfer, level independence, cardinal consistency and mirror -which a corrected Concentration Index should satisfy. Then I introduced a new measure, E(h), and demonstrated not only that it satis…es all of these requirements, but also that it is basically the only one that does so. Moreover, it can be decomposed easily.
I must stress that the applicability of the corrected Concentration Index is limited to the case where the health variable is cardinal and has …nite lower and upper bounds. In another paper (Erreygers, 2006) I argue that if the health variable is ordinal, the Concentration Index approach must be abandoned and replaced by a radically di¤erent perspective. What emerges from the present paper is that the Concentration Index approach need not be con…ned to situations where the health variable is of the ratio-scale type. The corrected Concentration Index proposed here substantially broadens the scope of the Concentration Index approach.
Whether or not the corrected Concentration Index E(h) is truly superior to other variants of the index, depends to a large extent upon whether or not my set of four key requirements is a reasonable one. If we are working with a cardinal variable, it seems impossible to discard the condition of cardinal consistency. In order to deal with the health / ill health issue I see little or no alternatives for the mirror condition. What remains then is the monotonicity condition, which combines the transfer and level independence conditions. Here at least I think there might be room for something else, although I do not see clearly what it could be. Finding a substitute for the monotonicity condition is one possible avenue for further research.
The corrected Concentration Index E(h) can be calculated very easily. Among the members of the family of rank-dependent indicators of socioeconomic inequality its closest cousin appears to be the Generalized Concentration Index V (h). A simple correction, consisting of dividing index V (h) by the range of the health variable b h a h and multiplying the result by 4, su¢ ces to turn this absolute indicator of inequality into a relative one. Surprisingly, however, the index E(h) is both a relative and an absolute indicator of inequality. This means that when measuring the socioeconomic inequality of health, we are not stuck in a dilemma which forces us to choose between either a relative or an absolute measure: our indicator can be both at the same time. By contrast, when it comes to the measurement of income inequality or poverty, the situation appears to be fundamentally di¤erent (see, e.g., Zheng, 1994) .
